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PTP1B 的标记方法，并结合反应型荧光染料开展对乳腺癌细胞系中 PTP1B 的成































alkynyl-bis-DFMP 与标签分子 azido-coumarin-BODIPY 发生 CuAAC 前后的光谱
性能。产物在 488 nm 激发条件下产生 510 nm 的发射光，同时在 350 nm 激发条
件下产生 400 nm 的触发式荧光。同时。标签 azido-coumarin-BODIPY 为 PTP1B
细胞内成像和通过 B 元素的 ICP-MS 定量提供了可能性。我们结合靶向 PTP1B
活性亲和探针和双光色反应型荧光染料标签，将发展起来的 PTP1B 分析方法应
用到乳腺癌细胞 MCF-7，细胞成像的实验结果显示，将 PTP1B 定位到内质网困
难，更多的优化实验仍在进行中。同时，初步尝试了基于 B 和 Eu 元素标记的





















Protein phosphorylation and dephosphorylation are the most basic and common 
regulation mechanisms of the protein activity and function. They are involved in 
almost all physiological and pathological processes such as the regulation of cell 
metabolism, growth, differentiation and apoptosis, occupying an extremely important 
position in the signal transduction. Protein phosphorylation and dephosphorylation 
mostly occur at the protein threonine and serine residues, although protein tyrosine 
phosphorylation accounts for only a small amount in total protein phosphorylation, 
but plays a serious role in many life processes. Abnormal protein tyrosine 
phosphorylation will cause the metabolic disorder, which often leads to the 
occurrence of diabetes, obesity, cardiovascular disease, cancer, and male infertility as 
well as other diseases. Therefore, it is very important to study the mechanism and the 
key molecules of protein tyrosine phosphorylation. Protein tyrosine phosphorylation 
states are governed by protein tyrosine phosphatase (PTP) and protein tyrosine kinase 
(PTK). PTP family consists of more than 100 members, and PTP1B is the most 
typical and the most common representative one. Biological studies have indicated 
that PTP1B overexpresses in human breast cancer cells. PTP1B is closely related to 
the occurrence and pathogenesis of breast cancer, and it has become a drug target for 
breast cancer. However, current detection methods for PTP1B are still confined to 
traditional Western blotting or enzyme activity analysis, which generally have poor 
specificity, low accuracy, and could not label and analyze PTP1B in vivo, in addition 
they could not provide absolute quantitative information of PTP1B expression level in 
humans. Therefore, there is an urgent need to establish a platform for selective 
recognition, visual imaging and absolute quantification of PTP1B . 
Activity based protein profiling uses biological and chemical selectivity of 
protein itself. It realizes specific protein labeling in complex physiological system, 
and provides foundation for imaging, quantification and mechanism study of key 
















have the advantages of no washing, simple operation, and high signal noise ratio, 
providing a convenient tool for cell imaging; In recent years, highly sensitive and 
accurate ICP-MS, has become a powerful tool for absolute protein quantification 
since the development of element labeling/tagging strategies. If we can combine the 
above three points, it will certainly provide a new way for analysis of PTP1B, and 
find a new vision for the biological study of tyrosine phosphatases. In this thesis, I 
developed an activity based probe for PTP1B analysis based on activity based protein 
profiling strategy, the designed and synthesized dual color fluorogenic tag was used to 
image and analyze PTP1B in breast cancer cells. I look forward to further absolute 
quantification using ICP-MS, and systematic studies of PTP1B physiological function 
in breast cancer. The research details are described in the three chapters below: 
 
In Chapter 1, background knowledges of PTP are briefly introduced , especially 
the structure, catalytic mechanism and functions of PTP1B; and I critically reviewed 
the current detection methods of PTP1B.Then I presented my research proposal. 
 
In Chapter 2, based on activity-based protein profiling strategies, I designed and 
synthesized a PTP1B probe alkynyl-bis-difluromethylene phosphaonates, 
(alkynyl-bis-DFMP), which composes two binding sites; I determined the binding 
constant and selectivity betweeen the probe alkynyl-bis-DFMP and PTP1B using 
microplatereader and mass spectrometry. 
 
In Chapter 3, I designed and synthesized a tag azido-coumarin-BODIPY. It is a 
double color fluorogenic compound, overcoming the  shortcomings of traditional 
fluorescent dyes, for example, necessary multiple cleaning and low signal-to-noise 
ratio. Then I optimized the reaction conditions for effective CuAAC. The spectral 
properties before and after CuAAC between the probe alkynyl-bis-DFMP and the tag 
azido-coumarin-BODIPY were studied in vitro. The product produces 510 nm 
exmission when exicted at 488 nm and an activatable “turn-on” exmission signal at 
















and quantification. Applications of the established method were attempted using 
human breast cancer cell line MCF-7. Imging results obtained suggested localization 
of PTP1B in endoplasmic reticulum is difficult, further experiments are still in 
progress. Moreover, ICP-MS based quantification of PTP1B by Eu and B was 
preliminarily investigated, but further optimation should be performed to realize 
PTP1B quantification in the cell. 
   





































 第一章 前 言 
1 
 











时也可以在酪氨酸磷酸酶作用下去磷酸化，如图 1-1 所示。 
 
 
图 1-1 酪氨酸激酶和酪氨酸磷酸酶的相互作用。 




段 由 200-250 个 氨 基 酸 残 基 组 成 催 化 活 性 中 心 ， 其 中 特 征 序 列 为
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